Sodium crosses the apical membrane of tight epithelia through a sodium channel, which is inhibited by the diuretic amiloride and by analogs such as phenamil. Target size analysis indicated that the functional size of the [3H]phenamil binding sites associated with the epithelial Na+ channel from pig kidney is 90 + 10 kDa. The [3H]phenamil receptor was solubilized by using 3-[(3-cholamidopropyl)dimethylammonio]-l-propanesulfonate. The solubilized material displayed the same properties of interaction with amiloride and its derivatives as the membrane-bound receptor. A two-step purification of the epithelial Na+ channel was achieved by using QAE Sephadex chromatography and affinity chromatography on a Bandeiraea simplicifolia lectin column. It results in an 1100-fold purification of the Na+ channel as compared to pig kidney microsomes with a yield of 15% + 5%. The maximal specific activity was 3.7 nmol/mg of protein. NaDodSO4/polyacrylamide gel electrophoresis of the purified Na+ channel under nonreducing conditions showed the presence of a single major polypeptide chain of apparent molecular mass 185 kDa. Under disulfide-reducing conditions, the purified epithelial Na+ channel migrated as a single band of apparent molecular mass 105 kDa. It is suggested that the epithelial Na+ channel from pig kidney has a total molecular mass of 185 kDa and consists of two nearly identical 90-to 105-kDa polypeptide chains crosslinked by disulfide bridges.
solubilized by using 3-[(3-cholamidopropyl)dimethylammonio]-l-propanesulfonate. The solubilized material displayed the same properties of interaction with amiloride and its derivatives as the membrane-bound receptor. A two-step purification of the epithelial Na+ channel was achieved by using QAE Sephadex chromatography and affinity chromatography on a Bandeiraea simplicifolia lectin column. It results in an 1100-fold purification of the Na+ channel as compared to pig kidney microsomes with a yield of 15% + 5%. The maximal specific activity was 3.7 nmol/mg of protein. NaDodSO4/polyacrylamide gel electrophoresis of the purified Na+ channel under nonreducing conditions showed the presence of a single major polypeptide chain of apparent molecular mass 185 kDa. Under disulfide-reducing conditions, the purified epithelial Na+ channel migrated as a single band of apparent molecular mass 105 kDa. It is suggested that the epithelial Na+ channel from pig kidney has a total molecular mass of 185 kDa and consists of two nearly identical 90-to 105-kDa polypeptide chains crosslinked by disulfide bridges.
The vectorial transport of Na+ across the distal tubular epithelium ofthe kidney involves two distinct transport systems. Na+ first enters kidney cells by way ofconductive Na+ channels that are localized at the apical membrane. It is then extruded at the basolateral membrane by the Na+,K+-ATPase.
The epithelial Na+ channel is inhibited by amiloride, a well-known diuretic (1) . The biophysical properties of this Na+ channel have been extensively studied using electrophysiological techniques (2) (3) (4) . However, its biochemical properties and the molecular mechanisms of its regulation by hormones such as aldosterone and vasopressin are still largely unknown (5, 6) .
Amiloride-sensitive Na+ channels can be titrated in epithelial membranes by using radiolabeled amiloride derivatives such as benzamil (7) (8) (9) , methylbromoamiloride (10, 11) , and phenamil (12, 13) . Phenamil is more potent than benzamil or methylbromoamiloride for inhibiting epithelial Na+ channels in frog skin (14) and in pig kidney microsomes (12) . In a previous study (12) we have characterized a [3H]phenamil receptor in pig kidney membranes and shown its close correlation with Na+ channel blockade measured from 22 Na+ uptake experiments. This paper reports the target size analysis and the solubilization, purification, and identification of the subunit structure of the [3H]phenamil binding protein from pig kidney.
MATERIALS AND METHODS Materials. Amiloride [3,5- Mrad/min (1 rad = 0.01 gray), as described by Ellory et al. (17) . Calibration of the radiation dosage was performed by using the Perspex optical density method (18 anolamine, pH 7.0 (buffer A). The solubilized membranes (60 ml, 180 mg of protein) diluted 1:10 into 15 mM triethanolamine at pH 7.0 were loaded on the column. After washing with 200 ml of equilibration buffer, the elution was performed by using a linear NaCl gradient from 0 to 200 mM.
Ten-milliliter fractions were collected and assayed for [3H]-phenamil binding and for protein concentration.
The active fractions were pooled, supplemented with 1 mM
CaCl2, and applied to a BS1 lectin-Sephadex A-25 column.
The column was equilibrated overnight in buffer A supplemented with 50 mM NaCl/1 mM CaCl2 (buffer B). After washing with 20 column volumes, the column was eluted with 10 ml of buffer B supplemented with 150 mM NaCl/50 mM melibiose. One-milliliter fractions were collected. Protein concentrations were measured according to Peterson (20) using bovine serum albumin as a standard. lodination of the purified protein was carried out using Iodo-Gen as supplied by Pierce (21) .
Gel Electrophoresis. Gel electrophoresis was performed using 4-14% continuous gradient polyacrylamide gels (22) . Two-dimensional gel electrophoresis was carried out according to O'Farrell (23) . Protein samples were denatured for 10 min at 95°C in a 75 mM Tris HCl buffer at pH 6.8 containing 2% NaDodSO4, 7.5% glycerol, and 4% 2-mercaptoethanol. In nonreducing conditions, 2-mercaptoethanol was omitted and replaced by 8 mM iodoacetamide. Gels were stained with Coomassie blue or silver (24) . (Fig. 3) . The conductivity of the effluent at the time of elution of [3H]phenamil binding site was usually between 3.5 and 6.0 millisiemens. Insets A and B of Fig. 3 Fig. 4 shows the dose-response curve for amiloride inhibition of the specific [3H]phenamil binding to the material purified from the BS1 lectin column. Half-maximal inhibition was observed at 9 ttM, which corresponded to a Kd value of 3 1LM. The migration of the [3H]phenamil receptor protein in a sucrose gradient resulted in a single peak centered on fractions 8 and 9 (Fig. 5) , corresponding to an apparent sedimentation coefficient of 9 S. NaDodSO4/polyacrylamide gel electrophoresis under disulfide-reducing conditions was run at the different steps of the purification. Phenamil is a derivative of amiloride that is the most potent inhibitor known so far for the epithelium Na' channel in frog skin (14) and in pig kidney microsomes (12) . An initial way to estimate the molecular size of membrane proteins is the radiation-inactivation technique. It has already served to determine the size of a number of other ionic channel proteins, such as the voltage-sensitive Na' and Ca2+ channels (29) (30) (31) . Data presented in Fig. 1 indicate that the membrane-bound [3H]phenamil receptor has a functional molecular mass of 90 ± 10 kDa.
RESULTS
The main purpose of this work was to purify and determine the subunit structure of the apical Na+ channel.
[3H]Phenamil receptor sites were solubilized by using CHAPS as detergent and glycerol as a stabilizing agent. . NaDodSO4/polyacrylamide gel electrophoresis of the purified Na+ channel. Electrophoresis was carried out in 4-14% polyacrylamide gels under nonreducing and reducing conditions. Size standards were myosin (200 kDa), f-galactosidase (116 kDa), phosphorylase B (97 kDa), bovine serum albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (31 kDa), soybean trypsin inhibitor (21 kDa), and lysozyme (14 kDa). Lane 1, peak QAE Sephadex fraction; lane 2, peak BS1 lectin fraction; lanes 3 and 4, peak sucrose gradient fraction. Lane 1 was Coomassie blue stained, lane 2 was silver stained, and lanes 3 and 4 are autoradiograms of iodinated samples. Lanes 1-3 were treated with 2-mercaptoethanol (2-ME), whereas lane 4 was treated with iodoacetamide (IAA). Lanes 5 and 6, after a first run of the peak BS1 lectin fraction under nonreducing conditions, the region corresponding to the 185-kDa band was cut off and the protein was electroeluted. Half was reduced with 2-mercaptoethanol (lane 5) and half was treated with iodoacetamide (lane 6). After the second run, proteins were silver stained. The bands at about 30 and 50 kDa were artifacts and seen over the entire gel. set up that resulted into an 1100-fold purification. The first purification step was ion-exchange chromatography using QAE Sephadex. It was followed by affinity chromatography on a column of BS1 lectin coupled to Sephadex A-25. The specific adsorption of the [3H]phenamil receptor site on the lectin column indicated that it is likely to be a glycoprotein.
NaDodSO4/polyacrylamide gel analysis of the purified material under nonreducing conditions revealed the presence of a major polypeptide component at 185 kDa. When fresh preparations were analyzed, no evidence for material of larger molecular mass could be detected at the top of the gels or in the stacking gel. However, upon storage, the purified Na+ channel tended to aggregate into larger molecular mass forms (not shown). Under reducing conditions, the 185-kDa polypeptide chain was no longer observed. The purified [3H]phenamil receptor migrated as a 105-kDa protein. No evidence for heterogeneity of the 105-kDa component could be detected in two-dimensional gel electrophoresis (not shown). The slight discrepancy between the apparent molecular mass obtained by radiation inactivation (90 ± 10 kDa) and that of the purified material after reduction with 2-mercaptoethanol (105 kDa) might be due to the well-known tendency of reduced glycoproteins to migrate anomalously in NaDodSO4/polyacrylamide gel electrophoresis. When the electroeluted 185-kDa protein was reduced with 2-mercaptoethanol and reelectrophoresed, it transformed into a single 105-kDa band (Fig. 6) Aldosterone is known to increase the synthesis of the epithelial Na+ channel (5). Rossier et al. (33) have found that in the A6 cell line, aldosterone stimulated the rapid synthesis of a 98-kDapolypeptide chain. This polypeptide was localized in the apical membrane and was expressed in parallel with a decrease in transepithelial resistance. This observation is particulary interesting, knowing now that the purified Na+ channel contains a 105-kDa polypeptide (this work) that may be identical to the 98-kDa protein identified in the work of Rossier et al.
The molecular mass (18,5 kDa) of the putative epithelial Na+ channel is in the range of sizes found for other membrane ionic channels. It is smaller than that of the voltage-sensitive Na+ channel from excitable tissues (270 kDa) (34, 35) and that of the complete acetylcholine receptor (250-270 kDa) (36) . It is similar to the molecular mass of the voltage-dependent Ca2+ channel from skeletal muscle cells (170 kDa) (37, 38) .
The subunit structure of the [3Hlphenamil receptor site presumably associated with epithelium Na+ channel is different from that of the voltage-sensitive Na+ channel responsible for the generation of action potentials. The fundamental unit of the voltage-sensitive channel is a single polypeptide chain of 270 kDa (34, 35) . However, since the 270-kDa subunit of the voltage-sensitive Na+ channel contains four sequence repeats (39) , it may still be that there are structural homologies between the apical and voltage-sensitive Na+ channels.
The purification of the [3H]phenamil receptor associated with the apical Na+ channel opens the way for the preparation of polyclonal and monoclonal antibodies that will be useful for the localization and for the analysis of the regulation of the biosynthesis of the channel. It is also an important step toward the cloning of the corresponding cDNA and the elucidation of the primary structure of the protein.
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